Background: Street-involved youth contend with an array of health and social challenges, including elevated rates of blood-borne infections and mortality. In addition, there has been growing concern regarding high-risk drug use among street-involved youth, in particular injection drug use. We undertook this study to examine the prevalence of injection drug use and associated risks among street-involved youth in Vancouver, Canada.
Background
Street-involved youth are increasingly common in North American cities and are a population at heightened risk for an array of health and social problems [1] . In Canada and the United States, it is estimated that between 4% and 7% of youth between the ages of 14 and 26 are absolutely, periodically, or temporarily without safe and stable shelter [2, 3] . Since the definition of "street youth" is often extended to individuals who may be housed but who are heavily involved in the street economy [4] , the proportion of youth who fall into this category may be significantly greater.
Compared to the general population, street-involved youth contend with a variety of health-related risks and challenges [1] , including elevated rates of mental illness [5] , blood-borne infections [5] [6] [7] , sexually transmitted infections [8] , and violence [9, 10] . Recent evidence from Montreal, Canada suggests that street-involved youth, in comparison to the general population, face an 8 to 11 times higher risk of mortality [11] .
There have also been persistent concerns regarding highrisk substance use among street-involved youth in settings throughout the world [12] [13] [14] . In particular, in light of the associated risks for human immunodeficiency virus (HIV) and hepatitis C infection (HCV), increasing attention has been paid to the initiation of injection drug use within this population. This has led to calls for an updating of the risk hierarchy so that the prevention of injection drug use is given greater attention [15] . However, the prevalence of injecting and associated harms among street-involved youth has not been studied in many urban areas in North America [13, 16, 17] , and, outside of Montreal [18] , little is known about the epidemiology of injection drug use among street-involved youth in Canada. Past estimates suggest there are at any time upwards of 150,000 young people in Canada who are absolutely, periodically or temporarily without shelter [2] . However, there remain many challenges associated with estimating the size of this population given the transitory nature of street youth and lack of reliable counts of street youth (e.g., Census data, etc).
Vancouver, Canada has been the site of co-occurring epidemics of injection drug use, HIV, overdose, and HCV. However, while much study has been devoted to adult injection drug users (IDU) in this setting, little is known about the prevalence and associated risks of injection drug use among the city's growing street youth population [19] . Although reliable estimates are lacking, it has been suggested that there are between 500 to 1000 street youth living on Vancouver streets each day [20] . While an increasing number of studies have described the predictors of the initiation and cessation of injection drug use [18, [21] [22] [23] , there have been few studies that have compared the characteristics of drug-using street youth who have and have not injected. Therefore, we undertook this study to assess the prevalence and related risks and harms of injection drug use among a cohort of drug-using streetinvolved youth in Vancouver.
Methods
The At-Risk Youth Study (ARYS) is a prospective cohort study of Vancouver street-involved youth that has been described in detail previously [19] . Briefly, participants were recruited through snowball sampling and extensive street-based outreach. Persons were eligible for the study if they were between 14 and 26 years of age, had used illicit drugs other than or in addition to marijuana in the past 30 days, and provided informed consent. At baseline and at semi-annual follow-up visits, participants complete an interviewer-administered questionnaire and provide blood samples for HIV and hepatitis C (HCV) serology. The questionnaire elicits demographic data and information regarding injection and non-injection illicit drug use, HIV risk behaviors, income generation, encounters with police, health service utilization, and sexual activity. The questionnaire is based on a previous instrument developed for adult drug users, and has been found to reliably identify factors associated with HIV infection, mortality, and other harms [24] [25] [26] . All participants received a monetary stipend of $20 after each visit. The study has been approved by the University of British Columbia/Providence Health Care Research Ethics Board.
The present study was conducted to evaluate the prevalence of injection drug use and related risks and harms among street-involved youth who completed baseline study visits between September 2005 and November 2007. Although ARYS is a prospective cohort study, given the low incidence of initiation into injection drug use, a longitudinal study of injection drug use initiation among ARYS participants was not possible at this time. The primary outcome of interest was reporting any history of injection drug use (i.e., lifetime prevalence of injection drug use). Other self-reported variables of interest were selected based on a review of the documented harms associated with injection drug use, and included: age; gender; Aboriginal ethnicity; history of incarceration; history of sex work involvement (defined as exchanging sex for money, drugs, shelter, or gifts); history of drug dealing; currently having a warrant for one's arrest; and history of non-fatal overdose. Variable definitions were consistent with prior studies involving the ARYS cohort [27, 28] . Serologic outcomes considered included HIV-and HCVpositive status.
As a first step, we conducted a univariate analyses in which those who did and did not report a history of injection drug use were compared using Pearson's Chi-square test and the Wilcoxon rank test. Fisher's exact test was used when one or more of the cells contained values less than or equal to five. As a second step, a multivariate model was then prepared using an a priori defined statistical approach whereby variables that were p < 0.05 in univariate analyses were included in a fixed logistic regression model. Variables that remained significant at p < 0.05 were regarded as factors significantly associated with the outcome of interest. All statistical analyses were per-formed using SAS software version 9.1 (SAS, Cary, NC), and all p-values are two sided.
Results
In total, 560 participants were recruited and included in the present analyses. Of these participants, 179 (32%) were female and 131 (23.4%) were of Aboriginal ancestry. The median age was 21.9 years (interquartile range = 19.8-23.9). In total, 230 (41.1%) participants reported injection drug use. Factors associated with injection drug use in univariate analyses are presented in Table 1 As shown in Table 2 
Discussion
In the present analysis, we found that injection drug use was common among street-involved youth in Vancouver, with approximately 40% of the cohort reporting a history of injection drug use. In a multivariate analysis, reporting a history of injection drug use was associated with older age, sex work involvement, non-fatal overdose, and hepatitis C infection.
The high prevalence of injection drug use among streetinvolved youth in Vancouver is slightly lower than observed in Montreal, Canada (41% versus 60%) [18] , although somewhat higher than observed in some US cities [17] . Injection drug use among street-involved youth in this study was associated with several markers of risk, including sex work involvement. This is consistent with previous studies from various settings demonstrating a relationship between injection drug use and sex work among street-involved youth [29] [30] [31] [32] , studies which have also suggested that the co-occurrence of injection drug use and sex work places street-involved youth at elevated risk for HIV infection and other sexually transmitted infections. The association between sex work and injection drug use observed in the present study is also consistent with previous research demonstrating that injection drug users (IDU) frequently resort to high-risk income generating activities, such as sex work [33] , to support their drug use and basic survival needs [34] , and that sex work is often linked to drug scene exposure [35] . However, previous studies from our setting have also suggested a strong relationship between the initiation of sex work among street-involved youth and childhood emotional and sexual abuse [36] . While the forces that prompt the co-occurrence of sex-work involvement and injection drug use will require further elucidation, the finding of an association between sex work and injection drug use among streetinvolved youth in this settings is of immediate concern, given evidence suggesting that sex work involvement is a strong predictor of premature mortality among young IDU in Vancouver [25] .
Injection drug use was also associated with non-fatal overdose in this study. This is consistent with other studies indicating a high rate of prior non-fatal overdose among IDU [37, 38] and a relationship between elevated risk for overdose and injecting as a route of drug administration [39] . Although non-fatal overdose among IDU is typically associated with heroin use [39] , it is notable that crystal methamphetamine use is highly prevalent among streetinvolved youth in Vancouver and has been associated with non-fatal overdose among this population and adult IDU [27, 40] .
The finding that injection drug use was strongly associated with an elevated risk for HCV infection among youth in this study is consistent with a previous study of streetinvolved youth in Montreal and is not surprising, given the high prevalence of HCV infection among adult IDU in Vancouver [41] and the fact that injection drug use is an efficient mode of HCV transmission. Indeed, previous studies undertaken within North America suggest that many young IDU acquire HCV soon after initiating injecting, with the estimated time to HCV infection among this population being 1 to 2 years [42, 43] .
These findings reinforce previous calls for an updating of the risk prevention hierarchy so that the transition to injection drug use receives greater attention [15] . Indeed, studies have shown that the risk for acquisition of bloodborne infections is high after the onset of injecting [44] , and therefore interventions that prevent the initiation of injecting among street-involved youth are needed, including those that target individuals (e.g., addiction treatment), as well as those that address the broader social, structural, and environmental determinants of injection drug use [45] . Unfortunately, few evidence-based approaches of this kind have been described. Given that older age (> 22 years) was associated with injection drug use in this study, future efforts should include delivering prevention interventions to high-risk street youth not yet exposed to injecting. Further, because these findings indicate that street-involved youth are at heightened risk for an array of harms through both drug use (e.g., overdose and HCV infection) and related activities (e.g., sex work involvement), interventions that reduce harm among street-involved youth who have taken up injecting are also needed. These include conventional harm reduction interventions [46] , such as youth-friendly needle exchange programs, but also social and structural interventions that aim to mediate the risk environment of youth who inject drugs and exchange sex, including mobile service delivery and socio-legal reforms that facilitate safe sex work settings [47, 48] .
Our study has several limitations. First, like most other cohort studies involving high-risk youth, ARYS is not a random sample, and therefore our study findings may not be generalize well to the larger population of street youth in Vancouver. Further, given the differences across settings, including differences in the types of drugs used in different urban environments, our findings may not generalize well to street youth in other settings. Second, we relied on several measures of self-report, and therefore some response biases may have affected our results. In particular, we may have underestimated some sensitive behaviors and experiences, including injection drug use and sex work involvement. Lastly, this study design is 
Conclusion
In summary, we found a high prevalence of injection drug use among street-involved youth in Vancouver. Importantly, injection drug use was associated with several markers of elevated risk and harm, including sex work involvement and overdose, as well as hepatitis C infection. These findings point to the need for continued efforts to reduce the initiation into injection use, as well as efforts to minimize the risks and harms experienced by street-involved youth who already inject.
